Abstract Laparoscopic procedures to treat endometrial cancer are currently emerging. At present, we have evidence to do laparoscopic oncologic resections for endometrial cancer as proven by many prospective studies from abroad such as LAP2 by GOG. So, we have decided to assess the safety and feasibility of such a study in our population with the following as our primary objectives: (1) to study whether laparoscopy is better compared to open approach in terms of duration of hospital stay, perioperative morbidity and early recovery from surgical trauma and (2) to study whether the laparoscopic approach is noninferior to the open approach in terms of number of lymph nodes harvested in lymphadenectomy and rate of conversion to open surgery. We did a prospective nonrandomized comparative study of open versus laparoscopy approach for surgical staging of endometrial cancer from 16th May 2013 to 15th May 2015. To prove a significant difference in the hospital stay, we needed 29 patients in each arm. Thirty patients in each arm were enrolled for the study. The median duration of stay in the open arm was 7 days and in the laparoscopy arm it was 5 days. The advantage of 2 days in the laparoscopic arm was statistically significant (P value 0.006). Forty percent of patients in the open arm had to stay in the hospital for more than 7 days whereas only 3% of patients in the laparoscopy arm required to stay for more than 7 days (P value 0.001). This difference was statistically significant. There was no significant difference between the early complication rates between the two arms (20% in open vs. 13% in laparoscopy; P value 0.730). There was a conversion rate of 10% in laparoscopy. The median number of nodes harvested in open arm was 16.50 and in the laparoscopy arm, it was 13.50. The difference was not statistically significant (P value 0.086). Laparoscopy approach for endometrial cancer staging is feasible in Indian patients and the short-term advantages are replicable with same oncologic safety as proved by randomized controlled trials.
et al. [7] reported on a series of 59 patients considered candidates for laparoscopically assisted surgical staging (LASS) for management of their clinical stage I adeno-carcinoma of the endometrium. These authors successfully carried out pelvic and para-aortic lymphadenectomy on 23 patients. The first laparoscopic pelvic and aortic lymph node dissection for endometrial cancer was performed in 1992 by Childers and Surwit [7] . In LAP2 study [8] byWalker JL et al. conducted from 1996 to 2005 by GOG in which 1630 laparoscopy and 886 laparotomy patients were randomized, they inferred that comprehensive surgical staging of endometrial cancer can be performed using laparoscopy without increased intraoperative injuries, with fewer postoperative complications, and with shorter hospital stay. The median number of pelvic node harvested was 17 in the laparoscopy arm and 18 in the laparotomy arm. Median number of para-aortic nodes harvested was 7 in both the arms. There was no significant difference in the number of lymph nodes harvested.
A prospective nonrandomized comparative study was conducted during the period from 16th May 2013 to 15th May 2015 to compare laparoscopy with laparotomy for complete comprehensive surgical staging of endometrial cancer. All the consecutive patients undergoing surgical staging for endometrial cancer during the study period who met the criteria and who were willing to participate in the study were enrolled after obtaining an informed written consent. The primary outcome of the study was number of days of hospital stay. Other end points included intraoperative complications, blood loss, and fall in haemoglobin level and duration of surgery. Postoperative analgesic usage, therapeutic antibiotic usage, number of days to return of normal bowel function and bladder function and number of days to resume normal routine activities, conversion to laparotomy, number of nodes harvested, and number of cases upstaged were studied. After getting the approval of the scientific and ethical committee, we prospectively collected and evaluated the data of all patients included in the study. Sample size calculation was done based on the LAP2 study [8] in which hospital stay of more than 2 days were observed in 94% of open cases and 52% of laparoscopy cases. With the level of significance at 5%, power of study at 95%, allocation ratio of 1 and with two-tailed distribution to detect a 42% difference (from reference) in proportion of patients requiring hospital stay of more than 2 days, a sample size of 29 was needed in both arms. Sample size calculation was done based on the software G*Power 3.1.9.2. A total of 77 patients were enrolled during the study period. Out of which, 45 underwent open surgical staging and 32 underwent laparoscopic staging. Out of the 45 who underwent open surgical staging, only 15 underwent paraaortic lymphadenectomy and the remaining, only pelvic lymphadenectomy alone was done. Only two patients in t h e l a p a r o s c o p i c g r o u p u n d e r w e n t p a r a -a o r t i c lymphadenectomy. So, in our study, a cohort of 30 patients in each arm underwent pelvic lymphadenectomy alone and we decided to compare this cohort.
In surgical staging, total abdominal hysterectomy (type 1) (TAH) and bilateral salpingo-oophorectomy (BSO) was done followed by pelvic lymphadenectomy. Para-aortic area was inspected in all cases. Para-aortic lymphadenectomy was done for those patients with preoperative diagnosis of nonendometrioid histology, high grade disease, fundal tumour with outer third myometrial invasion and intraoperative evidence of enlarged pelvic nodes or para-aortic nodes. Peritoneal washing was taken only when there was fluid in the cul-de sac. Demographic data including age, weight, height and BMI were recorded. The performance status was assessed by the ECOG score. Intraoperative blood loss was assessed by mop count and measuring the blood in the suction apparatus. Postoperative analgesic requirement was assessed by counting the number of doses and days of analgesic usage to have a zero pain score in a visual analogue scale. Postoperative use of therapeutic antibiotic was assessed by calculating the number of courses of antibiotic used other than the prophylactic antibiotics. Return of normal bowel function was assessed by return of normal bowel sounds and tolerance of oral diet. Return of normal voiding was assessed by the ability to void normally after removal of Foley's catheter. Return of normal routine activity was assessed by the ability of the patient to be self-ambulant and go to the rest room without assistance. There was no significant difference of distributions of age, height, weight, BMI, performance status, previous abdominal surgery and co-morbidities between the two arms. There was no significant difference in pathologic type, grade, FIGO stage, myometrial invasion, LVSI or risk category wise distributions between the open and laparoscopy arms. There was no significant difference in the number of lymph nodes harvested between the two arms. The median number of nodes harvested in open arm was 16.50 and in the laparoscopy arm, it was 13.50. The difference was not statistically significant (P value 0.086). There was a conversion rate of 10% in laparoscopy. Out of the three converted patients, one (33%) was due to bleeding and poor visibility. In the remaining two cases (66%), it was due to unusual adhesions in the ureterovesical junction involving the bladder, ureter and the parametrium. Two cases were converted to midline vertical incision and one to transverse muscle cutting incision. In 6 out of 27 patients (22%), specimen could not be delivered per vaginum and had to undergo a Pfannenstiel incision for the specimen delivery. Nulliparous women have a low probability of vaginal specimen delivery compared to parous women. The difference was statistically significant (P value 0.0432).
The duration of surgery was significantly more in the laparoscopic approach but the blood loss was significantly less. There was no significant difference in transfusion rate, fall in haemoglobin level or intraoperative complication rate. Number of days and doses of intravenous analgesic usage, number of days of return of bladder function, number of days of return of normal routine activities and duration of hospital stay were significantly less in the laparoscopic arm. There was a trend for early return of bowel sounds and less number of antibiotic usages in the laparoscopic arm but it was not statistically significant. The median duration of stay in the open arm was 7 days and in the laparoscopy arm, it was 5 days. The advantage of 2 days in the laparoscopic arm was statistically significant (P value 0.006). Comparison of pathologic characteristics (Table 1) , patient characteristics ( Table 2) , clinical characteristics (Table 3 ) between the study arms is given in table form.
Conversion to Open Surgery
There was a conversion rate of 10% in laparoscopy in our study. The conversion rate in the LAP2 study [8] was 25.8%. Poor exposure was the reason for conversion in High risk 3 3 56.7% of the cases and cancer requiring laparotomy (15.9%) and excessive bleeding (11.3%) were the other main reasons reported for conversion. In the LACE trial [9] , overall 29 conversions (3.8%) were recorded, five from TAH to TLH due to patient decision after randomisation and 24 from TLH to TAH. Fifteen for anatomical reasons of which six needed an abdominal incision to remove the uterus, two for technical reasons, and seven due to intraoperative complications. The conversion rate was directly related to BMI and higher conversion for each unit increase in BMI.
Intraoperative Parameters Duration of Surgery
In the current study, the average duration of surgery in open arm was 127 min whereas in laparoscopy arm, it was 185 min. There was mean extra time of 57 min to complete the surgery by laparoscopy. This difference was statistically significant (P value 0.000). In the LAP2 study, the median operative time for the open laparotomy arm was 130 min, and for the laparoscopy arm, it was 204 min (P value 0.001). Similarly, the duration of surgery was 25 min longer in the TLH compared to the TAH arm (P < 0.001) in the LACE trial [9] .
Blood Loss
The average blood loss in open arm was 328 ml whereas in laparoscopy arm, it was 124 ml. There was mean extra loss of 204 ml in the open arm which was statistically significant (P value 0.000). The average fall in haemoglobin in the open arm was 1.057 g/dl and in the laparoscopy arm, it was 0.813 g/dl.
There was a difference of 0.243 g/dl between open and laparoscopic arm. The trend is towards less fall in haemoglobin in the laparoscopic arm but it was not statistically significant (P value 0.194). In the LACE trial [9] , the drop in haemoglobin from baseline to day 1 postoperatively was 2.3 g/L lower in the TLH compared to the TAH arm (P value 0.006). Zullo F et al. [10] in a systematic review and meta-analysis noticed similar results but the benefits for these end points such as less blood loss and fall in haemoglobin are not known. In the present study, even though the blood transfusion rate was more in the open group, it was not statistically significant (16 vs. 6%; P value 0.423). In the LAP2 study, the blood transfusion requirement was more in laparoscopy compared to open (9 vs. 7%; P value 0.280) but it was not statistically significant.
Intraoperative Injuries
No intraoperative injuries were reported in the open arm. Three minor injuries were reported in the laparoscopic arm. A bladder injury, serosal burn of the caecum and right obturator artery injury were reported. None of those injuries had any consequences intraoperatively or postoperatively and were managed laparoscopically (P value 0.237). In the LAP2 study, intraoperative complications were not significantly different between the two treatment groups (8% for laparotomy vs. 10% for laparoscopy, P value 0.106). The incidence of intraoperative adverse events was similar between the treatment allocation arms (total abdominal hysterectomy 4.6%; total laparotomy hysterectomy 7.4%; P value 0.105) in the LACE trial.
Postoperative Parameters Analgesic Requirement
The median number of days of IV analgesia usage was 3 days in the open arm and 2 days in the laparoscopy arm. Median extra 1 day of analgesic usage was observed in the open arm. This difference was statistically significant (P value 0.000). The median number of doses of IV analgesia usage was nine doses in the open arm and six doses in the laparoscopy arm. The difference was statistically significant (P value 0.0018). In the LACE trial [11] , in the first 2 days after surgery, significantly more patients in the open arm required epidural analgesia (33% in TAH vs. 0.5% in TLH 푃 < 0.0001) and paracetamol (98% versus 95%, 푃 = 0.03) compared to the laparoscopy arm. At 3-5 days after surgery, significantly higher proportions of patients allocated to open surgery required more analgesia and this effect persisted at 6-14 days after surgery but not after that.
Antibiotic Requirement
In the current study, 8 out of 30 patients (26%) in the open arm received one or two therapeutic doses of antibiotic compared to 2 out of 30 (6%) in the laparoscopic arm, but the difference was not statistically significant (P value 0.080). But in the LAP2 study, the difference was statistically significant (23% in the open arm vs. 16% in the laparoscopy arm P value 0.001).
Bowel and Bladder Function
The median number of days to return the normal bowel function was 2 days in the open arm and 1 day in the laparoscopy arm. The trend was towards an advantage of 1 day in the laparoscopic arm but was not statistically significant (P value 0.360). The median number of days of return of normal bladder function in the open arm was 4 days and in the laparoscopy arm, it was 2 days. The advantage of 2 days in the laparoscopic arm was statistically significant (P value 0.000).
Normal Routine Activities
The median number of days to return of normal routine activities in the open arm was 2 days and in the laparoscopy arm, it was 1.5 days. The advantage of 0.50 days in the laparoscopic arm was statistically significant (P value 0.007).
Duration of Stay
The median duration of stay in the open arm was 7 days and in the laparoscopy arm, it was 5 days (Graph 1). The advantage of 2 days in the laparoscopic arm was statistically significant (P value 0.006). Forty percent of patients in the open arm had to stay in the hospital for more than 7 days whereas only 3% of patients in the laparoscopy arm required to stay for more than 7 days (P value 0.001). This difference was statistically significant in the present study. In LAP2 study, the proportion of patients requiring more than 2 days of hospitalization after surgery was significantly smaller in laparoscopy compared with laparotomy (52 vs. 94%, respectively; P value 0.0001), even after controlling for age, race/ethnicity, BMI and performance status. The median length of stay for laparotomy patients was 4 days, and the median length of stay for the intentto-treat laparoscopy arm patients was 3 days. Similarly, in the Graph 1 Difference in number of days of hospital stay LACE trial [9] , the median length of hospital stay was 2 days in the TLH arm and 5 days in the TAH arm (p < 0.001) with a significant difference in favour of laparoscopy.
Even though there was a difference between the median numbers of days of hospital stay among three studies the advantage in the laparoscopy arm is significant. In our study the advantage was 2 days and in LAP2 study it was 1 day and in LACE trial it was 3 days.
Postoperative Complications
There was no significant difference between the early complication rates between the two arms (20% in open vs. 13% in laparoscopy; P value 0.730). In contrast to our study, in LAP2 study, eight complications ≥ grade 2 were more common in laparotomy patients than laparoscopy patients (21 vs. 14%, respectively; P value 0.001), even after controlling for patient age, race/ethnicity, BMI, and performance status. In our study, 3 (10%) patients in the open arm reported postoperative ileus but none in the laparoscopy arm had ileus. Similarly, in LAP2 study, ileus occurred significantly more often in laparotomy patients than laparoscopy patients (7 vs. 4%, respectively; P value 0.004). Other complications were not significantly different in LAP2 study at the adjusted significance level of P value of 0.005. In LACE trial [9] , also, patients randomized to TAH had a 44% higher incidence of postoperative AE CTC grade ≥3 (18.6% in TAH, 12.9% in TLH; P value 0.03) when compared to those randomized to TLH. The incidence of serious AE was 74% higher in the TAH group compared with that in the TLH group (14.3% in TAH, 8.2% in TLH; P = 0.007). Wound infection or dehiscence contributed to the statistically significant differences between the treatment arms for postoperative AE and serious AE.
Body Mass Index
A BMI cut-off of 28 was considered for obesity and parameters were compared in the laparoscopy arm. Seventy 
Co-morbidities
Forty-eight patients out of 60 (80%) had some form of comorbidities. Diabetes mellitus (n = 30, 50%), hypertension (n = 33, 55%), hypothyroidism (n = 13, 21%), bronchial asthma (n = 5, 8%) and ischaemic heart disease (n = 2, 3%) were the common co-morbidities observed in the order of frequency. There was no significant difference between the co-morbidity distributions between the groups (P value 0.203) except for diabetes mellitus which was significantly more in laparoscopic arm (70 vs. 30%; P value 0.004). There was no significant difference between the early complication rates between the two arms (20% in open vs. 13% in laparoscopy; P value 0.730). No patients with ischaemic heart disease underwent laparoscopic surgery.
Comparison to Meta-analysis
Meta-analysis by Juhasz-Böss I et al. [12] studied 1458 open and 1023 laparoscopic surgeries and they found no significant difference in the number of nodes removed and average hospital stay was significantly less in the laparoscopy arm. The data of our study has been compared with the meta-analysis in Table 4 . In the De la Orden S G et al.
[13] meta-analysis as illustrated in Table 5 , there was no significant difference in the mean number of nodes harvested in different studies. Except in one study, all other studies recorded a significantly more operative time for the laparoscopic approach. Blood loss was significantly less in all the studies but fall in haemoglobin level varied in different studies. Intraoperative complication rates were similar in the study by Zullo et al. and our study. Postoperative complications were significantly less in the meta-analysis but in our study, there was only a trend towards fewer complications in the laparoscopy arm. All the studies consistently showed less number of days of hospital stay in the laparoscopy arm even though there observed a wide variation (2 to 8 days) in the number of days of hospital stay. Conversion rate varied from 6.9 to 12.5% in this meta-analysis. 
